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(54) LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a 
charge/discharge cycle characteristic by forming 
a positive electrode active material of composite 
oxide powder expressed by the specific 
relationship that a median diameter falls within a 
specific value range and the content of a particle 
having the specific particle size is not more than 
specific volume %. 

L U C O b JM c I s * i i - 1 - c QV SOLUTION: Composite oxide powder expressed 

by the formula [in the formula, M is at least one 
kind of element selected from B, Mg, Al, Si, Ca 5 
Sc, Ti, V, Cr, Mn, Fe 5 Cu, Zn, Ga, Ge, Y, Nb, 
Mo, Ru, Rh, Pd, Ag, Cd, In and Sn, and 0<a<l .2, 
0.01<b<0.4, 0.01<c<0.4 and 0.02<b+c<0.5] that a 
median diameter is 3.0 to 20.0 |im and the content 
of a particle having the particle size not more 
than 1 jim is not more than 10 volume %, is 
formed as a positive electrode active material. 
The median diameter is the particle size in a 

frequency of 50% on a frequency curve, and is a kind of average particle size. A material 

on which the specific surface area in a BET method is 0.15 to 2.00 m2/g is used as the 

composite oxide powder. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Empirical formula Lia Cob MC nickel 1-b-c 02 whose median size is 3.0-20.0 
micrometers and whose content of a particle with a particle size of 1 micrometer or less is 
below 10 volume % Inside of [type, M B ? Mg, aluminum, Si, calcium, Sc, Ti, V, Cr, Mn, 
Fe, it is a kind of element chosen from Cu, Zn, Ga, germanium, Y, Nb, Mo, Ru, Rh, Pd, 
Ag, Cd, In, and Sn, 0<=a<=1.2, 0.01<=b<=0.4, 0.01<=c<=0.4, and 0.02 <=b+c<=0.5 at 
least. ] The lithium secondary battery which comes out and uses the multiple oxide 
powder expressed as positive active material. 

[Claim 2] Empirical formula Lia Cob MC nickell-b-c 02 whose median size is 6.0-15.0 
micrometers and whose content of a particle with a particle size of 1 micrometer or less is 
below 10 volume % Inside of [type, M B, Mg, aluminum, Si, calcium, Sc, Ti, V, Cr, Mn, 
Fe, it is a kind of element chosen from Cu, Zn, Ga, germanium, Y, Nb, Mo, Ru, Rh, Pd, 
Ag, Cd, In, and Sn, 0<=a<=1.2, 0.01<=b<=0.4, 0.01<=c<=0.4, and 0.02 <=b+c<=0.5 at 
least. ] The lithium secondary battery which comes out and uses the multiple oxide 
powder expressed as positive active material. 

[Claim 3] Empirical formula Lia Cob MC nickell-b-c 02 whose median size is 3.0-20.0 
micrometers and whose content of a particle with a particle size of 1 micrometer or less is 
below 10 volume % Inside of [type, M is a kind of element chosen from B, Mg, 
aluminum, calcium, Ti, V, Mn, Fe, Cu, Zn, and Ga, 0<=a<=1.2, 0.01<=b<=0.4, 
0.01<=c<=0.4, and 0.02 <=b+c<=0.5 at least. ] The lithium secondary battery which 
comes out and uses the multiple oxide powder expressed as positive active material. 
[Claim 4] Empirical formula Lia Cob MC nickell-b-c 02 whose median size is 6.0-15.0 
micrometers and whose content of a particle with a particle size of 1 micrometer or less is 
below 10 volume % Inside of [type, M is a kind of element chosen from B, Mg, 
aluminum, calcium, Ti, V, Mn, Fe, Cu, Zn, and Ga, 0<=a<=1.2, 0.01<=b<=0.4, 
0.01<=c<=0.4, and 0.02 <=b+c<=0.5 at least. ] The lithium secondary battery which 
comes out and uses the multiple oxide powder expressed as positive active material. 
[Claim 5] Said multiple oxide powder is a lithium secondary battery according to claim 1 
to 4 whose specific surface area in a BET adsorption method is 0.15-2.00m2 / g. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to amelioration of 
the positive active material aiming at offering a detailed lithium secondary battery with a 
sufficient charge-and-discharge cycle property with respect to a lithium secondary 
battery. 
[0002] 

[Description of the Prior Art] Since there is no need that a lithium secondary battery takes 



the decomposition voltage of water into consideration in recent years and high-voltage- 
izing and high-capacity-izing are possible by choosing positive active material suitably, it 
is observed as those drive power sources with the spread of portable-izing of electronic 
equipment, and cordless-izing. 

[0003] As positive active material of a lithium secondary battery, the cobalt acid lithium 
(LiCo02) is already used, and although the cell of the high energy consistency which has 
4V class high discharge voltage by using this is obtained, since the raw-material slack 
cobalt of a cobalt acid lithium is rare in resource and it is expensive, alternative use of a 
nickel acid lithium (LiNi02) is considered. 

[0004] However, since the crystal structure is unstable compared with a cobalt acid 
lithium, there is a problem that the capacity fall in a charge-and-discharge cycle is 
remarkable in a nickel acid lithium. 

[0005] Although the multiple oxide which permutes some nickel atoms in a nickel acid 
lithium by the cobalt atom and the manganese atom, and changes as positive active 
material which solved this problem is reported (refer to JP,8-37007,A), in order to use as 
a substitute of a cobalt acid lithium, the stability of the crystal structure in a charge-and- 
discharge cycle is still inadequate. 

[0006] Therefore, this invention aims at offering a lithium secondary battery with a 
sufficient charge-and-discharge cycle property. This purpose is attained by using specific 
positive active material so that it may state below. 
[0007] 

[Means for Solving the Problem] The lithium secondary battery (this invention cell) 
concerning this invention Empirical formula Lia Cob MC nickel 1-b-c 02 whose median 
size is 3.0-20.0 micrometers and whose content of a particle with a particle size of 1 
micrometer or less is below 10 volume % Inside of [type, M B, Mg, aluminum, Si, 
calcium, Sc, Ti, V, Cr, Mn, Fe, it is a kind of element chosen from Cu, Zn, Ga, 
germanium, Y, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, and Sn, 0<=a<=1.2, 0.01<=b<=0.4, 
0.01<=c<=0.4, and 0.02 <=b+c<=0.5 at least. ] It comes out and let the multiple oxide 
powder expressed be positive active material. In addition, a median size is the particle 
size in 50% of frequency on a frequency curve, and is one sort of mean particle diameter. 
[0008] It is supposed that the multiple oxide powder which has the above-mentioned 
presentation in this invention is used because degradation of the crystal structure 
accompanying the occlusion of the lithium ion at the time of a charge-and-discharge 
cycle and the repeat of emission in these is small. Empirical formula Lia Cob MC 
nickel l-b-c02 M is a kind of element chosen from B, Mg, aluminum, calcium, Ti, V, 
Mn, Fe, Cu, Zn, and Ga, 0<=a<=1.2, 0.01<=b<=0.4, 0.01<=c<=0.4, and 0.02 
<=b+c<=0.5 at least among [type. ] It comes out, and since especially degradation of the 
crystal structure [ in / in the multiple oxide powder expressed / a charge-and-discharge 
cycle ] is small, it is desirable. 

[0009] That the median size of multiple oxide powder is limited to 3.0-20.0 micrometers 
When a median size is less than 3.0 micrometers, the powdered total surface area 
becomes large too much, and become easy to react with the electrolytic solution, 
consequently the decomposition product of the electrolytic solution accumulates on the 
particle front face of positive active material. When a rapid reduction of the discharge 
capacity in a charge-and-discharge cycle is caused and a median size exceeds 20.0 
micrometers on the other hand It is because the powdered total surface area becomes 



small too much, and occlusion of the lithium ion at the time of charge and discharge and 
emission come to be performed in a small area, consequently rapid degradation of the 
positive active material in a charge-and-discharge cycle is caused. The median size of 
especially desirable multiple oxide powder is 6.0-15.0 micrometers. 
[0010] When the content of a detailed particle with a particle size of 1 micrometer or less 
exceeds 10 volume %, the content of a particle with a particle size [ of multiple oxide 
powder ] of 1 micrometer or less is limited to below 10 volume % because the powdered 
total surface area becomes large too much, and it becomes easy to react with the 
electrolytic solution, consequently the decomposition product of the electrolytic solution 
accumulates on the particle front face of a multiple oxide and a rapid reduction of the 
discharge capacity in a charge-and-discharge cycle is caused. 

[001 1] As multiple oxide powder, since the specific surface area in a BET adsorption 
method can obtain a lithium secondary battery with the thing of 0.15-2.00m2 / g 
especially sufficient [ a charge-and-discharge cycle property ], it is desirable. 
[0012] This invention relates to amelioration of the positive active material aiming at 
offering a lithium secondary battery with a sufficient charge-and-discharge cycle 
property. So, about other members which constitute cells, such as a negative-electrode 
ingredient and the electrolytic solution, the various ingredients which are conventionally 
used as an object for lithium secondary batteries, or are proposed can be used. 
[0013] As a negative-electrode ingredient, occlusion and the matter which can be emitted, 
or a lithium metal is electrochemically illustrated in a lithium ion. Electrochemically a 
lithium ion as occlusion and matter which can be emitted Carbon materials, such as a 
graphite (a natural graphite and artificial graphite), corks, and an organic substance 
baking object; A lithium-aluminium alloy, A lithium-Magnesium alloy, a lithium-indium 
alloy, a lithium-tin alloy, A kind or the metallic oxide included two or more sorts, and 
metallic sulfide are illustrated in lithium alloy [, such as a lithium-thallium alloy, a 
lithium-lead alloy, and a lithium-bismuth alloy, ]; and tin, titanium, iron, molybdenum, 
niobium, vanadium, and zinc. 

[0014] As the electrolytic solution, ethylene carbonate, propylene carbonate, Butylene 
carbonate, dimethyl carbonate, diethyl carbonate, Methylethyl carbonate, gamma- 
butyrolactone, a sulfolane, 1 , 2-dimethoxyethane, 1 , 2-diethoxy ethane, 1 , 2-ethoxy 
methoxyethane, a SHITORA hydronalium furan, The 2-methyl -1, 3-dioxolane, the 4- 
methyl -1, 3-dioxolane, organic solvents, such as wood ether and diethylether, - LiPF6, 
LiC104, LiCF3 S03, and LiN (CF3 S02)2 etc. - the solution which melted 0.7-1.5 mols 
/of electrolyte salts 1. is illustrated. 
[0015] 

[Example] Although this invention is further explained to a detail based on an example, 
in the range which is not limited to the following example at all and does not change the 
summary, it changes suitably and this invention can be carried out. 
[0016] (Experiment 1) The presentation of positive active material and the relation of a 
charge-and-discharge cycle property were investigated. 

[0017] [Production of a positive electrode] A lithium hydroxide (LiOH), nickel hydroxide 
(nickel2 (OH)), cobalt hydroxide (Co2 (OH)), and a manganese dioxide (Mn02) were 
mixed at a various rate in the mortar, it calcinated by 750-degreeC under the oxygen 
ambient atmosphere for 20 hours, and 16 sorts of massive multiple oxides were obtained. 
[0018] Each above-mentioned multiple oxide was ground using the jet mill, and the 



multiple oxide powder as positive active material was produced. The specific surface area 
(m2 / g) by the content (volume %) and the BET adsorption method with the atomic ratio 
(Li:nickel:Co:Mn) of each element in a multiple oxide, a median size [ of multiple oxide 
powder ] (micrometer), and a particle size of 1 micrometer or less of a particle is shown 
in Table 1 . In addition, it asked for the median size with the laser diffraction method. 
Moreover, in the BET adsorption method, helium was used as adsorbent-ed. 
[0019] 
[Table 1] 
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[0020] each above-mentioned multiple oxide powder, the acetylene black as an electric 
conduction agent, and the polyvinylidene fluoride as a binder ~ the weight ratio 90:6:4 - 
kneading - a positive electrode - a mixture ~ carrying out - this positive electrode ~ a 
mixture - 2 t/cm2 After carrying out pressurization molding by the pressure disc-like [ 
with a diameter of 20mm ], it heat-treated by 250-degreeC under the vacuum for 2 hours, 
and the positive electrode was produced. 

[0021] [Production of a negative electrode] The rolled plate of a lithium-aluminium alloy 
was pierced to disc-like [ with a diameter of 20mm ], and the negative electrode was 
produced. 

[0022] [Preparation of the electrolytic solution] It is LiPF6 to the mixed solvent of the 
volume ratio 1 :1 of ethylene carbonate and dimethyl carbonate. It melted and the 
electrolytic solution was prepared. 

[0023] [Production of a cell] The lithium secondary battery (this invention cell Al - A9, 
and comparison cells B1-B7) of a flat form was produced using a positive electrode, an 
above-mentioned negative electrode, and the above-mentioned electrolytic solution. 



Lithium secondary battery BA which drawing 1 is the sectional view of the lithium 
secondary battery produced here, and is shown in this drawing consists of a positive 
electrode 1, a negative electrode 2, the separator 3 that estranges these, the positive- 
electrode can 4, the negative-electrode can 5, the positive-electrode charge collector 6, a 
negative-electrode charge collector 7, insulating packing 8, etc. It can take out now to the 
exterior by making into electrical energy chemical energy which holds in the cell can 
which counters through the separator 3 with which the positive electrode 1 and the 
negative electrode 2 sank in the electrolytic solution, and the positive-electrode can 4 and 
the negative-electrode can 5 form, and the negative electrode 2 was connected to the 
positive-electrode can 4 for the positive electrode 1 through the negative-electrode charge 
collector 7 at the negative-electrode can 5 through the positive-electrode charge collector 
6, respectively, and was produced inside the cell. 

[0024] [Charge-and-discharge cycle trial] It is 2 the current density of 0.5mA/cm about 
each cell. Current density 0.5 mA/cm2 after charging to 4.25V The charge-and-discharge 
cycle trial which makes 1 cycle the process which discharges to 2.75V was performed, 
and it asked for the charge-and-discharge cycle (time) until discharge capacity is less than 
90% of the discharge capacity of 1 cycle eye. A result is shown in previous Table 1 . 
[0025] from Table 1, this invention cell Al - A9 are understood that a charge-and- 
discharge cycle property is markedly easy to be alike compared with the comparison cells 
B1-B7. The multiple oxide which used this for this invention cell Al - A9 is because the 
stability of the crystal structure in a charge-and-discharge cycle is good compared with 
the multiple oxide used for the comparison cells B1-B7. 

[0026] (Experiment 2) It is M raw material shown in a lithium hydroxide, nickel 
hydroxide, cobalt hydroxide, and Table 2 Li:nickel:Co:M (M) B, Mg, aluminum, Si, 
calcium, Sc, Ti, V, Cr, Fe, Cu, It mixed in the mortar by the atomic ratio 1.0:0.6:0.3:0.1 
of Zn, Ga, germanium, Y, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, or Sn, it calcinated by 750- 
degreeC under the oxygen ambient atmosphere for 20 hours, and 24 sorts of massive 
multiple oxides were obtained. 

[0027] Each above-mentioned multiple oxide was ground using the jet mill, and multiple 
oxide powder was produced. The specific surface area (m2 / g) by the content (volume 
%) and the BET adsorption method with a median size [ of multiple oxide powder ] 
(micrometer) and a particle size of 1 micrometer or less of a particle is shown in Table 2. 
[0028] 
[Table 2] 
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[0029] Except having used each above-mentioned multiple oxide powder as positive 
active material, like the experiment l, the lithium secondary battery (this invention cells 
A10-A33) was produced, and the charge-and-discharge cycle trial of the same conditions 
as the point was performed about each cell. A result is shown in previous Table 2. 
[0030] some nickel for improving the stability in the charge-and-discharge cycle of a 
multiple oxide from Table 2 - as a permutation element M, it turns out that B, Mg, 
aluminum, Si, calcium, Sc, Ti, V, Cr, Fe, Cu, Zn, Ga, germanium, Y, Nb, Mo, Ru, Rh, 
Pd, Ag, Cd, In, and Sn are possible besides Mn. moreover, Table l and 2 — some nickel - 
- as a permutation element M, it turns out that B, Mg, aluminum, calcium, Ti, V, Mn, Fe, 
Cu, Zn, and Ga are desirable. 

[003 1] (Experiment 3) It mixes in a mortar by the atomic ratio 1.0:0.6:0.3:0.1 of 
Li:nickel:Co:Mn, a lithium hydroxide, nickel hydroxide, cobalt hydroxide, and a 
manganese dioxide are calcinated by 750-degreeC under an oxygen ambient atmosphere 



for 20 hours, and it is empirical formula LiNi0.6 Co0.3 Mn 0.1 02. The massive multiple 
oxide expressed was obtained. 

[0032] The jet mill ground the above-mentioned multiple oxide on condition that 
versatility, and nine sorts of multiple oxide powder was produced. The content (volume 
%) and specific surface area (m2 / g) with a median size [ of each multiple oxide powder 
] and a particle size of 1 micrometer or less of a particle are shown in Table 3. 
[0033] 
[Table 3] 
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[0034] Except having used each above-mentioned multiple oxide powder as positive 
active material, like the experiment 1, the lithium secondary battery (this invention cells 
A34-A38 and comparison cells B8-B1 1) was produced, and the charge-and-discharge 
cycle trial of the same conditions as the point was performed about each cell. A result is 
shown in previous Table 3. 

[0035] From Table 3, this invention cells A34-A38 whose median sizes are 3.0-20.0 
micrometers and whose content of a particle with a particle size of 1 micrometer or less is 
below 1 0 volume % are understood that a charge-and-discharge cycle property is good 
compared with the comparison cells B8-B1 1 which separate from each range which the 
content of a^article with a median size or a particle size of 1 micrometer or less regulates 
by this invention. Moreover, in this table, since especially the charge-and-discharge cycle 
property of this invention cells A35-A37 is good also in this invention cells A34-A38, it 
turns out that it is desirable to use the multiple oxide whose median size is 6.0-15.0 
micrometers. 

[0036] (Experiment 4) It mixes in a mortar by the atomic ratio 1.0:0.6:0.3:0.1 of 
Li:nickel:Co:Mn, a lithium hydroxide, nickel hydroxide, cobalt hydroxide, and a 
manganese dioxide are calcinated by 750-degreeC under an oxygen ambient atmosphere 
for 20 hours, and it is empirical formula LiNi0.6 Co0.3 Mn 0.1 02. The massive multiple 
oxide expressed was obtained. Under the present circumstances, 18 sorts of massive 
multiple oxides with which a median size differs from specific surface area were obtained 
by changing various particle size of each raw material to be used, and adjusting pore and 



a configuration. 

[0037] The jet mill ground each above-mentioned multiple oxide, and multiple oxide 
powder was produced. The content (volume %) of a particle with a median size [ of each 
multiple oxide powder ] and a particle size of 1 micrometer or less and the specific 
surface area in a BET adsorption method are shown in Table 4. 
[0038] 
[Table 4] 
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^mmnmA 5 o 


1 5. 0 


4. 5 


0. 1 5 


3 4 2 


*«lffl«fliJA 3 7 


1 5. 0 


5. 5 


1.3 4 


3 3 5 


*%wmmA 5 i 


1 5. 0 


9. 5 


2.0 0 


3 2 5 


^J^A 5 2 


1 5. 0 


9. 7 


2.0 5 


2 9 9 


*»9WlfaA 5 3 


2 0.0 


0. 5 


0. 1 3 


2 7 0 


$.%wmkA 5 4 


2 0.0 


0. 8 


0. 1 5 


2 9 8 


•*f»BWIfcA3 8 


2 0.0 


2. 1 


1.2 7 


3 0 2 


*mmiui 5 5 


2 0.0 


3. 2 


2.0 0 


3 0 5 


*£w«mia 5 6 


2 0.0 


4. 3 


2.0 9 


2 6 7 



[0039] Except having used each above-mentioned multiple oxide powder as positive 
active material, like the experiment 1, the lithium secondary battery (this invention cells 
A39-A56) was produced, and the charge-and-discharge cycle trial of the same conditions 
as the point was performed about each cell. A result is shown in previous Table 4. In 
addition, the result about this invention cells A3 5 -A3 8 is also posted and shown in Table 



4 from Table 3. 

[0040] In Table 4 The comparison of this invention cell A39, this invention cell A40 and 
this invention cells A35, A42, and A43, and this invention cells A41 and A44, The 
comparison of this invention cells A3 6, A46, and A47 and this invention cells A45 and 
A48, The comparison of this invention cells A37, A50, and A51 and this invention cells 
A49 and A52, And it turns out that a lithium secondary battery with an especially 
sufficient charge-and-discharge cycle property is obtained from the comparison of this 
invention cells A38, A54, and A55 and this invention cells A53 and A56 when the 
specific surface area in a BET adsorption method uses the multiple oxide powder of 0.15- 
2.00m2 / g. 
[0041] 

[Effect of the Invention] A lithium- secondary; battery with a sufficient charge-and- 
discharge cycle property is offered. 
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